Earliest possible prediction of seed-yield potential of autogamous crop populations increases breeding program efficiency by saving time and resources. Alternatives for obtaining seed-yield predictions were compared by evaluating four common-bean populations in F 1 and F 2 generations together with the parents. Mean components (m + a' and d) and variances were estimated. The potential of each population was predicted by using both these and the Jinks and Pooni (1976) procedure, which allows probability estimation of each population of originating lines surpassing a determined standard. Estimate efficiency was determined by evaluating performances of 62 F 5:7 families from each population. Mean component m + a' estimates obtained for the F 1 and F 2 generations proved efficient in predicting seed yield of F 7 generation lines as did d for estimate variance among F 7 generation families. In addition, the Jinks and Pooni (1976) procedure proved efficient in early prediction of common bean population genetic potentials, especially when using the m + a' estimate.
Introduction
The success of an autogamous-plant breeding program depends on the choice of populations capable of produce progeny with desired trait combinations. The ideal segregating population makes it possible to select lines with performance superior to that of the parents. Careless choice can cause resource and time loss. Procedures making possible early discarding of unpromising populations have been the objective of several studies (Singh and Urrea, 1995; Oliveira et al., 1996) .
The methodologies used to achieve this goal can be separated into two categories (Baenziger and Peterson, 1991) . The first involves procedures using information on the parents, e.g., average performance, coancestry coefficient, and multivariate analysis to estimate genetic divergence. The second group uses information about progeny behavior from diallel crosses. The methodologies first mentioned rule out simultaneously obtaining information about mean components and variance. The Jinks and Pooni (1976) procedure estimates the probability of obtaining lines surpassing a given standard in the F ∞ generation, considering the average and variance of an earlier generation. This methodology has already been used to evaluate soybean (Triller, 1994) and common bean (Otubo et al., 1996) populations. However, information confirming its efficiency is limited.
The aim of this study was to evaluate the efficacy of the Jinks and Pooni (1976) procedure and to find alternatives to improve this method in prediction of the seed-yield potential of common bean populations.
Material and Methods
Four segregating populations were chosen from a diallel cross based on divergence among parents and for the purpose of selecting lines with grain type acceptable to consumers. The parents are described in Table I .
The F 1 and F 2 generations were obtained from Carioca x Brasil-2, Carioca x Flor de Mayo, IPA-7419 x A-114 and Brasil-2 x A-114 crosses. A portion of F 2 seed was advanced by the bulk method to F 5 , from which generation individual plants were harvested. The F 5:6 families were again sown and harvested in bulk to obtain the F 5:7 families. Two field experiments were conducted. In the first, the performance of the parents, F 1 and F 2 generations was evaluated in field experiments in Lavras, MG, Brazil (21°14' S latitude and 45°00' W longitude) in July, 1996. The statistical design was randomized complete blocks with five replications. The five parents (Table I) , the four F 1 generations and 16 F 2 (four from each cross) were evaluated. The plots consisted of one two-meter row spaced at 0.5 m with 15 seeds sown per meter. The equivalent of 400 kg/ha of the formula 4-14-8 of N, P 2 O 5 and K 2 O fertilizer was used in sowing and 150 kg/ha ammonia sulphate sidedressing 20 days after emergence. The culture received overhead irrigation. Other cultural practices were those typical for this crop.
The plants were harvested individually and the grain yield obtained in g/plant. The phenotypic variance (σ 2 F ) of each plot was estimated and, later, the average phenotypic variance of plots that received identical treatment in the different replications. Genetic variance (σ G 
Estimates of mean components m + a' and d were obtained. The term m represents the phenotypic mean of all possible lines in the F ∞ generation from crosses between completely divergent parents. The term a' is the sum of effects of fixed loci in the parents, i.e., loci containing identical alleles; and d is heterozygote deviation in relation to the parents' mean. The weighted least square method (Rowe and Alexander, 1980) Population seed yield potentials were evaluated using the Jinks and Pooni (1976) procedure. The probability of a population to generate lines surpassing a given standard was estimated; it corresponds to the area to the right of a value in abscissa of the normal distribution. Using the properties of a standardized normal distribution, we calculated this area estimating the variable Z by Z = [x-(m + a')]/s, in which x is the line mean considered as standard (L), which in this case was the Carioca cultivar; m + a' is the line mean seed yield in the F ∞ generation. In a model without dominance, the mean seed yield of the F 2 generation (F 2 i ) should equal line mean in the F ∞ generation. Term s is the phenotypic standard deviation among the lines. Genetic variance among the lines (σ 2 L ) corresponds to twice the additive genetic variance (σ 2 A ) present in the F 2 generation. Considering a model without dominance and epistasis, the phenotypic variance of
Assuming that the environmental variance among the lines is similar to that of the F 2 generation, then s
The F 5:7 families were evaluated in the other field experiment, conducted in Lavras and Patos de Minas, (18°35' S latitude and 46°31' W longitude), MG, Brazil at the same time and under the same conditions as the previous one. The statistical design was a 16 x 16 lattice with three replications. Sixty two families from each population, the five parents, and three additional control cultivars were evaluated.
Seed yield was measured in g/plot, which was analyzed for variance combined over locations and with a further joint analysis, considering the following statistical model with all variables random, except the average: Y ijks = m + p i + l s + pl is + r j(s) + b k(js) + e ijks ; in which Y ijks : production of i family , in the k block, j replication, s location; m: general mean; p i : effect of i family, being i = 1, 2, ..., 256; l s : effect of s location, being s = 1, 2; pl is : effect of the interaction of i family with s location; r j(s) : effect of j replication within s location; b k(js) : effect of k block, within j replication and s location; e ijks : average effective error.
Based on expected mean squares, the estimates of genetic and phenotypic variances among family averages from the i th crossing were obtained. Broad sense heritability (h 2 i ) was estimated using the Vencovsky and Barriga (1992) methodology. Upper and lower limits of confidence intervals at 1 -α = 0.95 probability level were estimated for heritabilities (Knapp et al., 1985) . 324 Abreu et al. 
Results and Discussion
The estimate of m + a' corresponds to the mean of all possible lines of a given cross in the F ∞ generation (Vencovsky, 1987) . In this study, m + a' values varied from 7.72 g/plant, Brasil-2 x A-114 population, to 13.36 g/plant, Carioca x Flor de Mayo population (Table II) . All contrasts in these estimates were significant. Therefore, one can infer that the Carioca x Flor de Mayo population will produce lines with a higher average in the F ∞ generation.
Contrary to the estimates for m + a' , largest d estimates were obtained in the IPA 7419 x A-114 and Brasil-2 x A-114 populations (Table II) . Dominance for seed yield was demonstrated in these populations by the superiority of the F 1 generation's average in relation to the parent and F 2 generation averages, in agreement with several studies reporting heterosis for the common bean grain yield (Ghaderi et al., 1984; Gutiérrez and Singh, 1985; Nienhuis and Singh, 1986) .
Since the d estimate refers to the contribution of heterozygous loci in relation to the parents' mean, assuming all loci have equal effects, one can infer that IPA 7419 x A-114 and Brasil-2 x A-114 populations had the greatest number of heterozygous loci. Therefore, more variation in the F 2 and later generations would be expected from these two populations. The estimates of F 2 genetic variance estimates presented in Table II support this observation. The Carioca x Brasil 2 population d estimate was null, and in this case the F 2 generation genetic variance estimate was negative. Therefore it could be considered null indicating absence of genetic variation, that is, the most loci were fixed and d is null.
Most procedures evaluating the potential of segregating populations only consider average performance, with little or no emphasis on population variability. This estimation requires data on individual plants in the F 2 generation. This process can be very laborious and is usually associated with high error. The results here obtained show that, in the presence of dominance, the d estimate could substitute the genetic variance estimate. Since this parameter is a mean component of any trait, it is, thus, estimable with greater precision than variance, without having to obtain data from individual plants. However, the F 1 and F 2 generations must be evaluated simultaneously, because producing a sufficient number of F 1 seed for crops such as the common bean where manual crossings are laborious and may be difficult, an alternative is to evaluate the F 2 and F 3 generation performances (Oliveira et al., 1996) .
Estimates of m + a' and d provide plant breeders with information needed to decide which segregating populations will be more promising. As already mentioned, m + a' corresponds to the mean of n lines in the F ∞ generation, and d would be the variation indicator among the lines. The ideal is a segregating population with high m + a' and d values, because this population should produce lines with high mean yields and great variation, an important goal for plant breeders.
Analysis of variance of F 5:7 family seed yield is presented in Table III . Significant difference occurred among the lines for all populations, except Carioca x Brasil-2. Family x location interactions were significant only in Carioca x Flor de Mayo and A-114 x Brasil-2 populations. The broad-sense heritability estimates presented in Table  IV varied from 18.5% for the Carioca x Brasil-2 cross, to 52.4% for the Brasil-2 x A-114 cross. In selecting more promising populations, plant breeders usually take heritability estimates into consideration. However, the results of this study point out populations having higher heritability and populations presenting the lowest average among all families (Table V) . Therefore, heritability alone does not guarantee breeding program success, since it could be associated with inferior average yield. Populations with high mean yields and sufficient variability are the most promising.
Correlations between d and h 2 and between m + a' and the mean yield of F 5:7 families were estimated. Between d and h 2 , it was positive and high (r = 0.95), indicating association of d with genetic variance. The m + a' estimate had 0.97 correlation with the mean yield of F 5:7 families, supporting the theory that this estimate reflects family average in further generations (Vencovsky, 1987) .
For the Jinks and Pooni (1976) procedure, 'Carioca' was considered as the productive cultivar standard, besides being the most widely cultivated in Brazil. The probability estimates for obtaining lines superior to the Carioca cultivar are presented in Table VI . Probability estimates were obtained using two procedures: considering the F 2 Prediction of potential of common bean 325 generation mean or the m + a' estimate as the mean of lines in the F ∞ generation. Since dominance in seed yield was detected, the F 2 generation mean, besides m + a', will have half the contribution of loci in heterozygosis (F 2 = m + a' + 1/2d). However, the differences in probability estimates were not pronounced, except for the Brasil-2 x A-114 population, where the highest d estimate was obtained. Use of the F 2 generation mean to represent the F ∞ average was proposed by Jinks and Pooni (1976) and has been used by some researchers (Triller, 1994; Otubo et al., 1996) . Although dominance for seed yield is reported frequently, most gene action in the common bean is additive (Nienhuis and Singh, 1988; Ramalho et al., 1988; Abreu, 1989; Takeda, 1990) . Therefore, the F 2 generation mean can be considered, because even with an inflated probability estimate, the choice of best populations should not be affected. However, the m + a' estimate can be easily obtained and does not depend on occurrence of dominance.
The population with the greatest chance of producing lines superior to the Carioca cultivar came from the Carioca x Flor de Mayo population; the worst was the Brasil-2 x A-114 population (Table VI) . These results agree with estimates of specific combining ability obtained by Abreu et al. (1999) and with the previously reported m + a' estimates.
Mean grain yield varied from 221.9 to 357.9 g/plot in the Carioca x Brasil-2 population; from 177.9 to 344.9 g/plot for the Carioca x Flor de Mayo population; 181.9 to 316.9 g/plot for IPA-7419 x A-114, and from 146.8 to 305.8 g/plot for the Brasil-2 x A-114 population. The highest mean, considering all lines, was observed in the Carioca x Flor de Mayo population and the lowest in the Brasil-2 x A-114 population (Table V) , again agreeing with the m + a' estimates (Table II) .
Twenty-nine percent of the F 5:7 families from the Carioca x Flor de Mayo crossing had mean yields greater 326 Abreu et al. than the Carioca average (p ≤ 0.05) (Table V) , similar to the estimate previously reported by Jinks and Pooni (1976) (Table VI ). In the case of the Brasil-2 x A-114 population, no F 5:7 lines had seed yield superior to the Carioca cultivar (Table V) , in agreement with the previous results and showing that the probability of obtaining lines superior to this cultivar would be lower in this population (Table VI) .
Comparison of the observed probability of obtaining lines superior in yield to 'Carioca' with expected probability (Tables V and VI) shows agreement in the results obtained, as already mentioned. However, the estimated probability was always superior. For this reason, some factors must be considered. The first is the relatively small 62 lines sample used to represent the population. Although no reports exist in the literature about the number of lines that should represent a segregating population of autogamous plants, Fouilloux and Bannerot (1988) showed that the population need not be large for selective success. They then suggested, after evaluating 10,000 families, that the maximum number of favorable alleles accumulated in the best line would be 32 out of 40. This number would not be much lower if only 100 families had been evaluated, which could accumulate, in the best line, 27.9 favorable alleles. The second factor is F 2 generation genetic variance which contains not only additive variance, but also dominance and epistasis. Therefore, the line phenotypic deviation standard becomes inflated and, consequently, so does the estimated probability. In conclusion, despite the slight discrepancy observed, the Jinks and Pooni (1976) procedure proved an excellent alternative in early selection of autogamous crop segregating populations, especially if used with the m + a' estimate.
